Fourty-three operations were performed on a total of 41 patients consisting of atrial septal defect, ventricular septal defect, ventricular septal defect with pulmonary stenosis, tetralogy of Fallot, aortic valve stenosis, pulmonary valve stenosis and coarctation of the aorta under hypothermia using intrathoracic rewarming. All patients but 2 cases with tetralogy Fallot have been completely cured. From these experiences the safe time limit for cardiac occlusion is believed to be about 15 minutes, and operation such as ventricular septal defect with pulmonary stenosis can be performed under hypothermia.
S TUDIES
of hypothermia in the application purpose for open heart surgery were first made by Bigelowl>' 2) in 1950.
Lewis and Taufic3y applied these studies to the operation of atrial septal defect in 1952 and published the report in January, 1953. From this time on, the clinical experiences were reported by Cookson,4> Neptune and Baileys) (1952) and Swan et al.6>' 1) (1953) . Besides hypothermia to occlude the cardiac circulation in open heart surgery extracorporeal circulation has been employed in recent years. Both must be used according to their particular specifications. Hypothermia can be used more simply than extracorporeal circulation. On the other hand, for the extracorporeal circulation, a complicated artificial heart-lung apparatus must be employed, and also a large quantity of blood to fill the apparatus and many skilled operators are necessary. Even if its large expense could be discounted, extracoporeal circulation can not be performed outside of an extremely well-equipped hospital. Moreover, by this system the blood must be led to outside of the patient body and pass through the complicated apparatus, therefore, even if the apparatus has been greatly improved, there is a great possibility of damaging and the side effects such as hemolysis or other blood injuries. With regard to this we may conclude that hypothermia is less harmful and more physiologically effective than extracorporeal circulation. On the other hand, under hypothermia, when the heart is cooled, the sensibility of the heart muscle increases and then ventricular fibrillation is most apt to occur.8> Ventricular fibrillation can be easily prevented and decreases during cooling and immersion rewarming, naturally increasing the arteriovenous oxygen difference. On the contrary, venous blood oxygen saturation rises during the intrathoracic rewarming, therefore the arteriovenous oxygen difference decreases ( Fig.1 and 2 ).13) Considering this fact there is a reason to believe that during the intrathoracic rewarming, the heart does maintain the proper amount of circulatory blood to provide necessary oxygen for the metabolism in the peripheral tissue, but that during the immersion rewarming it does not. Under hypothermic condition, ventricular fibrillation occurs at a higher rate among patients with myocardial damage, and these patients have been considered to be contraindication for the use of hypothermia.
Doubting this, we performed the following animal experiments. Myocardial damage was induced in dogs by ligating the anterior descending branch of left coronary artery. When ECG revealed myocardial damage about 2 weeks after the ligation, we opened the right ventricle under hypothermia, then assisted the animal's recovery by intrathoracic rewarming. Regarding survival rate of the experimental animals, only 27.7% survived in the immersion rewarming, but 75% in the intrathoracic rewarming. However, when intrathoracic rewarming was applied to the dogs with experimental myocardium damage, we found a 70% survival rate (Table I ). This fact indicates that hypothermia can safely be applied to the subject with damaged myocardium when intrathoracic rewarming was employed. Even when ventricular fibrillation occurs, FUKUKEI, ET AL. Jap. Heart , 1960 if the heart is warmed, contraction power of the myocardium becomes stronger.
Then the arterial pressure, consequently affecting coronary circulation, can be easily maintained by massage, so defibrillation by an electric shock becomes highly effective.
By intrathoracic rewarming we are able to raise the body temperature quickly after the release of the cardiac occlusion, thus increasing the body temperature beyond optimal limit to ventricular fibrillation before closing the chest.
Furthermore, it also increases the possibility of measuring the arterial pressure by auscultation.
This helps also to prevent postoperative bleeding.
Considering the above reasons we believe that the intrathoracic rewarming should greatly contribute to cardiac surgery. The most important complication is considered to be ventricular fibrillation.
As the Table II shows abnormal cardiac rhythms observed by our Nembutal was used; the least when ether was used.14), 15) Many preventive methods against ventricular fibrillation have been studied and published. We have selected from these methods hyperventilation to maintain pH, and prostigmine injection and sometimes coronary perfusion when occlusion time was necessary to be extended. When the body temperature has dropped by about 60 per cent of the desired value, cooling is stopped and immediately after this 0.25 to 0.5mg. of prostigmine is injected intravenously. The same dosage used intravenously is again injected immediately after cardiac occlusion into the coronary artery via the aorta. Ventricular fibrillation was prevented in almost all cases by prostigmine and even when it did occur, easily checked by electric shock.
The pulse rate already slowed by hypothermia becomes steadily even slower by prostigmine injection to the coronary artery, making the operative procedures easier. However, as the cardiac pulsation does not stop in the operation of atrial septal defect, it is easy to recognize coronary sinus from which venous blood flows out in accompaniment with pulsation. In the operation of ventricular septal defect we can also easily find the defect from which arterial blood flows out with pulsation.
At first, the operation of atrial septal defect was performed by thoracotomy on the 5th intercostal spaces of both sides according to Derra's technique. But it was easier to fix the sternum when the thoracic cavities were opened on the 4th intercostal space. Moreover, we believed that the one side thoracotomy would have less influence on the postoperative respiratory function than the both sides thoracotomy. Because it was difficult to perform one operation by opening the right thoracic cavity from a left side position, we finally decided to operate on the right thoracotomy by cutting the sternum. But even then both thoracic cavities were sometimes unintentionally exposed.
The circulations of venae cavae were occluded by looping securely and that of the aorta and pulmonary artery by clamping with forceps through sinus transversus pericardii. If the heart pulsates several times after occlusion of inflow, it shrinks the heart, since the blood flows out from the heart and lungs. We occluded the outflow at that time and reduced the bleeding from the atrium at the incision. However, when the blood volume in lungs markedly increases by pulmonary engorgement, in spite of this procedure, much of blood volume will be lost at the atrial incision.
In order to remove air from the atrium when closing the defect or incised wound, at first we poured a physiological saline solution into the atrium, but lately for this purpose the occlusion of inferior vena cava was properly released filling the atrium with blood. Attempts were made using this procedure to reduce the volume of blood loss and replace as little as possible by transfusion. But much care must be taken not to lose more blood from the atrium at the time of releasing the occlusion of venae cavae. FUKUKEI ET AL. Jap. Heart, 1960 Atrial Septal Defect patient awoke from anesthesia immediately after the operation and was found to suffer of no brain damage. It is difficult to say exactly how much circulation was maintained by cardiac massage, however, it was evident that the brain could withstand anoxia for a longer period of time than previously believed under the hypothermia.
Ventricular septal defect:
In operating on a ventricular septal defect, the ventricular wall must be insiced in order to open, and occlusion time must be prolonged since the ventricular wall must be closed with sutures before releasing the occlusion. In some cases the operation is further extended due to the fact that the defect must be closed with an Ivalon patch. Moreover, ventricular fibrillation is thought to be a frequent complication in the operation on the heart with myocardial damage. For this reason, hypothermia is generally thought not favorable for the operation of ventricular septal defect.
Although the data based on animal experiments is not quite suitable to be applied to clinical surgery, it is believed to be possible from the above mentioned results of animal experiments to perform the operation of ventricular sepatal defect under hypothermia if we used the precaution of rewarming intrathoracically.
All the 12 cases of ventricular septal defect operated on were com-FUKUKEI, ET AL. Jap. Heart J. O ctober, 1960 Table IV. Cases of pletely cured (Details are shown in Table IV ). As the 3rd case had been completely cured after 2 successive operations of open heart surgery, we would like to describe it in detail. H.M., a 6-year-old boy, had been hospitalized with the chief complaint of frequent episodes of palpitation and precordial pain. Loud systolic murmur was heard over the whole precordium with its maximal intensity on the third left intercostal space, and a marked systolic thrill was felt. The second pulmonic sound was accentuated. The electrocardiogram showed left ventricular hypertrophy.
The right ventricular pressure was as high as 80/0mm. Hg, the pulmonary arterial pressure 76/45mm. Hg and the cardiothoracic ratio by X-ray was as great as 0.77.
High ventricular septal defect of 15mm. was closed with interrupted sutures under the direct vision. Suture proved to be inadequate for the large defect since the murmur was again heard several days after the operation. Reopening of the defect was accertained by a catheterization 2 months later Fig.3 .
Repair of defect with Ivalon patch.
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October, 1960 (Table V) and a reoperation was performed.
The right ventricle was opened on the scar of the previous operation. As the defect was found to be completely reopened, an Ivalon patch was fixed with 14 interrupted sutures to repair the defect (Fig.3) .
The cardiac occlusion time required for this operation was 13min. 30sec. (Fig.4) . The patient recovered more quickly after the second operation than the first. He was completely cured and able to leave the hospital. ized blood for the operations in which occlusion time is expected to be prolonged and have obtained satisfactory results. When coronary perfusion is started at the end of repairing the defect, it does not disturb the surgical manipulation and the returning blood to the ventricle serves to drive out the air. In the 6th case in which the coronary perfusion was employed, normal rhythm continued for as long as 14min. 39sec. during the occlusion.
VENTRICULAR SEPTAL DEFECT, H.M., 6-YEAY-OLD MALE
Ventricular septal defect with pulmonary stenosis: Operations were performed on 4 cases of ventricular septal defect with pulmonary stenosis. The details are shown in Table VI .
The 2nd case, T.T., a 24-year-old female, complained of shortness of breath and cyanosis after exertion for the past few years. Precordial pain was especially pronounced for the last 2 years.
A loud systolic murmur was heard over the entire precordium. Its maximal intensity was at the pulmonic area, and a systolic thrill was also felt but the second pulmonic sound was hardly heard. An X-ray revealed normal shape of the heart and cardio-thoracic ratio was 0.56. Pulmonary stenosis was ascertained to be a valvular type by a selective angiocardiogram in the right ventricle and also by pressure tracing taken during withdrawal of the catheter from pulmonary artery into the right ventricle. Oxygen saturation slightly increased at distal to the bifurcation of the pulmonary artery.
Valvulotomy was performed by cutting a funnel-shaped valve 3 ways through the main pulmonary artery opened longitudinally.
By this operation no infundibular stenosis, aortopulmonary defect and patent ductus arteriosus were found and as no arterial blood flowed from the right ventricle, the disease was believed to be a pure pulmonary valvular stenosis.
An obstinate cough appeared a week after the operation and gradually became worse, and at last uncontrollable even with intensive medication. An FUKUKEI, ET AL. Jap. Heart., 1960 pletely disappeared. The 4th case, S.M., a 23-year-old female, had a ventricular septal defect with infundibular stenosis. Catheterization revealed right to left shunt. The operation was further complicated by the fact that the heart muscle had become so fragile and it was torn by a thumb forcept and a thread during the operation. The occlusion time was also prolonged to 14min. 55sec. Ventricular fibrillation which occurred after releasing the occlusion was easily corrected by intrathoracic rewarming.
Tetralogy of Fallot: As in Table VIII , operations were performed on 2 cases of tetralogy of Fallot with unsuccessful results.
In the 1st case, Y.I., a 27-year-old female, the left to right shunt was not proved by catheterization and the right to left shunt was not clear on (Fig.6 ). In the 2nd case, T.K., a 6-year-old female, despite the fact that the angiocardiogram showed a marked right to left shunt, cyanosis and clubbed fingers were not prominont on physical examination. The arterial blood indicated 97% saturation. Thickened crista supraventricularis was removed and high ventricular septal defect was closed surgically with the Ivalon patch. The left ventricle was so small that it was completely hidden behind the right ventricle. The pulmonary artery was so small in diameter and was only one third of the aorta. The patient awoke from anesthesia and was able to take liquid food, but died suddenly 56 hours after the operation by an unknown cause.
Although the cause of death in these 2 cases was not clear, we can not believe these were the side effect of hypothermia.
As a left to right shunt exists in ventricular septal defect, the left ventricular work increases abnormally and the right ventricle must become accustom to the high pressure. After the closure of the defect there is only a essential systemic flow from the left ventricle, and no necessity for the right ventricle to adjust. The activity of both ventricles decreases after the operation. However, as a right to left shunt exists in tetralogy of Fallot, there is a necessity for the right ventricle to adjust to high pressure and pump out more blood by shunt volume. At the same time there is, for the left ventricle, a less than the normal output by shunt volume. Actually the left ventricle of tetralogy of Fallot is very small. Therefore, after the radical operation the left ventricular work markedly increases and can no longer adjust to the increased work.
Recently if a small left ventricle or a small pulmonary artery is found, we consider the radical operation is feasible, otherwise we perform Blalock's operation.
DISCUSSION
For open heart surgery, both hypothermia and extracorporeal circulation have been employed. As these methods have advantages and disadvantages, these methods should be employed according to their individual characteristic. For the operation which can be performed with the short occlusion time, hypothermia which causes less stress than extracorporeal circulation should be used.
Ventricular fibrillation which was thought to be the most important complication of hypothermia can be prevented by careful selection of the drugs for anesthesia and proper use of prostigmine. When it occurs, fibrillation is checked by the intrathoracic rewarming. We encountered ventricular fibrillation in 4 cases of advanced lesion, all of whom were over 24 years old, but of course it was readily stopped (Table IX) . We have performed 43 operations on a total of 41 patients and completely cured all but 2 cases of tetralogy of Fallot (Table X) .
We have cured 2 cases with ventricular septal defect by reoperations, indicating that intrathoracic rewarming enables the surgeon to carry out a FUKUKEI, ET AL. Jap. Heart J. October , 1960 However, the brain has been found to tolerate anoxia for longer period than previously expected. Employing a coronary perfusion, it is possible to prolong the occlusion time indirectly because of prompt recovery of effective cardiac output after releasing occlusion. At present, the safe time limit is believed to be about 15 minutes. The operation such as ventricular septal defect with pulmonary stenosis, which requires about 15 minutes of cardiac occlusion can be performed by hypothermia. SUMMARY
(1) It would be physiological to keep the temperature of the thoracic region higher than that of the body surface under hypothermia.
This consequently would exert a favorable influence on the general circulatory condition. Therefore it would be reasonable to cool from the body surface and rewarm it from the thoracic cavity. We had always used the intrathoracic rewarming.
(2) We proved in the animal experiments that hypothermia could safely be applied even to the subject with damaged myocardium when we employed intrathoracic rewarming.
(3) Ventricular fibrillation was prevented in almost all cases by selecting the drugs for anesthesia and proper use of prostigmine, and, when it did occur, was easily stopped by electric shock.
(4) We had performed 43 operations on total of 41 patients and completely cured all but 2 cases of tetralogy of Fallot.
(5) The safe time limit for cardiac occlusion under intermediate hypothermia is believed to be about 15 minutes.
ADDENDUM
After this article was prepared for publication, we performed an operation on
